ABSTRACT A multiple regression analysis of several factors influencing basal metabolic raic (BMR) was performed using dala for 223 subjects from the classic metabolism studies published by Harris and Benedict in 1919. These data had previously been analyzed by Kleiber using metabolic body size, the three-fourths power of body mass, as a predictor of BMR. His prediction equations were separated by sex and each contained components for age and height. Factors in the present analysis included sex, age. height, body mass, and estimated lean body mass (LBM). Lean bodv mass was found to be the single predictor of BMR. A best estimate prediction equation: BMR(cal/ day) = 500 + 22 (LBM) is proposed. The previously presumed influences of sex and age are shown to add little to this estimation. Am. J. Clin. Nutr. 33: 2372Nutr. 33: -2374Nutr. 33: , 1980 Standard physiology texts list sex, age, and body composition as factors related to basal metabolic rate (BMR) in man. Indeed, differ ences due to age and sex exist when BMR values are expressed as calories per unit of body surface area. The physiological basis for a body surface relationship has been ques tioned by Kleiber (l). His expression of BMR on the basis of metabolic size retains age and sex differences. Benedict (2) reported that body mass and body surface area were both inadequate indices for the expression of BMR and suggested that the mass of active proto plasmic tissue might be useful. In this regard, Miller and Blyth (3) proposed lean body mass (LBM) as a metabolic standard and demon strated that LBM was a better predictor of oxygen consumption than surface area in 47 young men. The inverse relationship between age and basal oxygen consumption recently has been shown to be wholly attributable to changes in LBM (4, 5). Sex differences have not been examined using LBM as a predictor of BMR. The present study estimates LBM as a function of sex, age, and body mass before a regression analysis for the influence of several variables on BMR.
Standard physiology texts list sex, age, and body composition as factors related to basal metabolic rate (BMR) in man. Indeed, differ ences due to age and sex exist when BMR values are expressed as calories per unit of body surface area. The physiological basis for a body surface relationship has been ques tioned by Kleiber (l) . His expression of BMR on the basis of metabolic size retains age and sex differences. Benedict (2) reported that body mass and body surface area were both inadequate indices for the expression of BMR and suggested that the mass of active proto plasmic tissue might be useful. In this regard, Miller and Blyth (3) proposed lean body mass (LBM) as a metabolic standard and demon strated that LBM was a better predictor of oxygen consumption than surface area in 47 young men. The inverse relationship between age and basal oxygen consumption recently has been shown to be wholly attributable to changes in LBM (4, 5) . Sex differences have not been examined using LBM as a predictor of BMR. The present study estimates LBM as a function of sex, age, and body mass before a regression analysis for the influence of several variables on BMR.
Methods
Data for 223 healthy adult subjects from ihe classic metabolism studies of Harris and Benedict (6) were used in the present analysis. Sixteen other male subjects were omitted as they were identified as trained athletes, Age, height, and body mass values for 120 males and 103 females were taken directly from the published tables Values for BMR in calories per day were recalculated and rounded to the nearest 10 cal, representing the maximum possible statistical significance assuming that oxygen consumption per minute was accurate to 10 ml.
Since the body composition of the subjects are not reported, estimates of LBM were calculated from the equations below, where M is body mass in kg and A is age in years, assuming all subjects to be normal. These were derived by substitution and rearrangement of the prediction equations for total body water published h\ Moore et al. A multiple regression analysis for the predictors of BMR was performed using the SPSS program (8) . As Kleiber (9) previously reported an analysis of this same data for a body surface area correlation with BMR. this variable was not included. BMR (cal/day) = 501.6 + 21.6 (LBM)
The 95% confidence limit for the slope of this regression is ± 1.9 so that a prediction error of 10% is expected for an individual BMR.
Addtional variables add little to the esti mation. Whereas age is the second variable added, this negative component is compen sated for by an increased constant term, i.e., BMR (cal/day) = 601.2 + 21 (LBM) -2. 6 (age)
At the mean values of 29 years and 46 kg LBM, this second equation changes the pre dicted BMR by only 1.4 cal/day. This agrees well with the previously cited studies (4, 5) in which the age contribution was shown to be due simply to changes in body composition. Kleiber (9) analyzed these same data in 1932 and proposed the computation of the three-fourths power of body mass as an esti mate of metabolic size. As this term does not reflect the contributions of sex and age to body composition, his prediction equations for BMR based on metabolic size (1) are separated by sex and each contains an age component. The present analysis shows sex to contribute little beyond the estimation of LBM. In this respect, sex may even be less important for individuals who deviate mark- in the male group, and for 95% of the LBM values, estimates of BMR agree within 20 cal/day. The use of sex and age in the computation of LBM does not bias the regression analysis. If sex or age had an independent correlation to BMR, it would not be altered by this added factor in the analysis. It would be valuable to compare the prediction equation presented here to a set of data containing measured LBM and oxygen consumption from a statis tical sample of mixed sex.
Miller and Blyth (10) reported that oxygen consumption correlated well with LBM (r = 0.92) in 79 college students of whom 78 were male. However, their regression equation for computing LBM from oxygen consumption consistently overestimates LBM for males relative to the present formula by an average of 7.8 kg. In fact, this regression yields LBM values greater than the body weight for 34% of the males in the Harris Benedict data set.
A comparison of BMR calculated on the basis of body surface area or by the present regression equation is of interest. In the for mer, one must use separate conversion values for each sex. At the mean values for height and weight in Table 2 , body surface area (for either sex) is 1.68 cm2. The adult male BMR is estimated using 36.8 cal/m2/hr while the adult female BMR is estimated at 35.1 cal/ nr/hr (II). The respective BMR estimates are thus 1480 and 1420 cal/day. The mean measured values is 1490 cal/day which is identical to the estimate from the present regression at the mean LBM regardless of sex. A comparison of other representative Cal/day Y r Cm Kg Kg " n = 120 males + 103 females from Reference (6). data are presented in Table 3 . Notice that the BMR estimates calculated from body surface for the lean male and medium female are similar, as are their LBM estimates from the formulae. This suggests that perhaps estima tions of BMR based on body surface area owe their utility to a hidden correlation to LBM within each sex. Miller and Blyth (3) reported this for their male subjects.
Conclusion
The suggestion of Benedict (2), made over 65 years ago, that active body mass deter mines BMR is supported. Sex and age are factors influencing the body composition of an individual, but body composition is the principle determinant of BMR. An equation using LBM as the single predictor of BMR in normal adults can replace the present cum bersome tables for separate sexes and ages. Basal metabolism in normal adults can be estimated from a simple linear equation where:
BMR (cal/day) = 500 + 22 (LBM)
